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1. Introduction 
Plasma glycoproteins are known to contain four 
principal sugars, Lfucose, D-galactose, D-mannose 
and D-glucosamine as part of the carbohydrate 
chain. Whereas the polypeptide portion is synthesized 
in the rough endoplasmic reticulum, the sugar units 
are believed to be added mainly in the Golgi complex. 
The evidence that the Golgi complex is the main 
subcellular site of attachment of carbohydrate rests 
on two types of observations. Firstly in autoradio- 
graphic studies, the early appearance of silver grains 
over the Golgi complex has implicated these mem- 
branes as the site of assembly of certain carbohy- 
drates such as fucose and galactose, [l-4] , whereas 
mannose [3] and glucosamine [S, 61 were reported 
added in the rough endoplasmic reticulum. Secondly, 
the presence of glycosyl transferases in isolated Golgi 
fractions [ 131, implicates these membranes in glyco- 
protein synthesis. 
Both autoradiographic and biochemical data in this 
laboratory have confirmed that fucose is added to gly- 
coprotein mainly in the Golgi membrane system in rat 
liver [7]. Good precursor-product relationships were 
obtained between perchloric acid-soluble material of 
the Golgi apparatus and serum, indicating a flow of 
material from the Golgi membrane system to the plas- 
ma. Although autoradiographic studies are not avail 
able for galactose incorporation, the biochemical data 
reported here for galactose was similar to that of fu- 
case. With mannose, the findings could not be inter- 
preted in a simple fashion. In an earlier study we re- 
ported that radioactivity could be recovered from all 
major sugar components following a single intravenous 
injection of [3H]Dmannose [8]. The incorporation of 
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mannose can be explained on the basis of rather 
extensive conversion of mannose to sialic acid, 
fucose, galactose and glucosamine. 
2. Materials and methods 
Male Wistar rats weighing 200-220 g, fasted 1.5 hr, 
were used to stud) the incorporation of the two sugars: 
[l-l 4C] D-galactose (specific activity 55.7 mCi/mM) 
and D-mannose-2-T (specific activity 1 .O Ci/tiM) 
which were obtained from Amersham-Searle. Asingle 
injection of 5 &i of each radioactive material was 
given to each rat via the jugular vein. At intervals of 
5, 10,15,30,60,90 and 120 min after injection, rats 
were anaesthetized with ether, exsanguinated and the 
liver removed. The incorporation of each sugar was 
studied in at least 3 rats at each time interval. 
Golgi membranes were isolated separately from 
each rat liver using a modification of the method de 
scribed by Morre’ et al. [9]. The details of the proce, 
dure are described elsewhere [lo] . 
Rat serum and Golgi membranes isolated from each 
liver were separated into perchloric acid-soluble (PCA) 
and -insoluble fractions. The pelleted Golgi prepara- 
tions were extracted with cold 0.6 N PCA, and the se- 
rum with an equal volume of 1.2 N PCA. After addi- 
tion of acid, each sample was centrifuged at 1800 rpm 
for 20 min at 4”. The perchloric acid insoluble mate- 
rial was extracted with chloroform/methanol/ether 
(2: 1: l), centrifuged, the supernatant discarded and the 
pellet dried and dissolved in 0.5 N sodium hydroxide. 
The perchloric acid-soluble portion (seromucoid) 
was precipitated with l/5 volume of 5% phosphotung 
stic acid in 2 N hydrochloric acid. After standing in ice 
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Fig. 1. The change in specific activity in the perchloric acid-soluble (w----=) and perchloric acid-insoluble (-- )fractions 
of Golgi isolated from rat liver and in the perchloric acid-soluble fraction of serum (o----o) after a single intravenous injection 
of [ 14C] Dgalactose. 
for 20 min, the precipitate was centrifuged, washed 
with 5% TCA and centrifuged again. The pellet was ex- 
tracted with chloroform/methanol/ether, the soluble 
fraction removed and the pellet was dried and dis- 
solved in 0.5 N sodium hydroxide. 
For each fraction, protein was determined in one 
aliquot by the method of Lowry [ 1 l] ; another aliquot 
was used for counting in a Nuclear Chicago Mark I 
scintillation counter. For counting, 100 ~1 fraction was 
dissolved in 1.3 ml of hyamine hydroxide and 10 ml of 
toluene scintillation fluid (0.4% PPO and 0.03% POPOP) 
was added. The results were expressed as specific activ- 
ity: dpm/mg protein. 
3. Results 
The incorporation of [ 14C] D-galactose and D-man- 
nose-2-T was followed separately in serum and Golgi 
fractions from each rat. The changes in specific activity 
(dpm/mg protein) with time for the 2 sugars, is shown 
in figs. 1 and 2. The three curves represent the per- 
chloric acid-insoluble and perchloric acid-soluble frac- 
tion of serum (serum seromucoid). The points on each 
curve represent the mean for 3 animals. 
3.1. D-Galac tose 
The change in specific activity in Golgi and in serum 
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Fig. 2. The change in specific activity in the perchloric acid-soluble (=---c-m) and perchloric acid-insoluble (--A) 
fractions of Golgi isolated from rat liver and in the perchloric acid-soluble fraction of serum (a-•-) after a single intrave- 
nous injection of D-mannose-2-T. 
fractions at different times after injection of [ l-r4C] ed only slightly even 120 min after injection of label. 
D-galactose is shown in fig. 1. Five minutes after injec- The specific activity of the perchloric acid-insoluble 
tion of the label, maximum specific activity was observ- fraction rose slowly for the first 20 min, reached a 
ed in both perchloric acid-soluble and-insoluble fractions maximum at 60 min and then decreased slowly. 
of Golgi. The curves rose and fell sharply. The specific The specific activity of the serum seromucoid rose 
activity of the serum seromucoid increased to a maxi- rapidly to a maximum at about 20 min and remained 
mum at 30 min and then decreased steadily. at this level between 20- 120 min. 
3.2. LMfannose 
The change in specific activity in Golgi and serum 
fractions at different times after the intravenous in- 
jection of [3H]D-mannose is shown in fig.2. The maxi- 
mum specific activity of the perchloric acid-soluble 
fraction occurred at 15 min after injection, fell to two- 
thirds the maximum level at 30 min, and then decreas- 
4. Discussion 
The incorporation of radioactive label from 
[r4C]D-galactose and [3H] Dmannose was consid- 
erably different in Golgi fractions and in serum glyco- 
protein. The time of appearance of maximum specif- 
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ic activity was earlier with galactose than with man- 
nose and the pattern of the incorporation curves for 
each sugar was significantly different. 
4.1. D-Galac tose 
The pattern of Dgalactose incorporation into the 
Golgi fractions and serum was similar to that found 
for Lfucose [7]. The occurrence of maximum specif- 
ic activity in the perchloric acid insoluble fraction, 
slightly before the maximum in the soluble fraction 
(15 min) suggested that D-galactose was first bound to 
Golgi membranes and then appeared in the glycopro- 
tein (perchloric acid-soluble) fraction of Golgi before 
release into serum. 
The incorporation into the Golgi complex of the 
liver cell occurred within a similar time interval to that 
described in autoradiographic studies for other cell 
types. In comparison with maximum incorporation 
into the Golgi fraction at 8-10 min, in this study D- 
galactose was reported to reach the Golgi apparatus 
within 5 min in the thyroid gland [4] and within 7-8 
min in the chick embryo gonads [ 121. 
With D-galactose, maximum specific activity in the 
Golgi fraction was seen at a similar time interval to 
that found with Lfucose. This finding reflects the 
close proximity of L-fucose and D-galactose in the 
glycoprotein molecule in which galactose is thought to 
occupy the subterminal and fucose the terminal posi- 
tion of the oligosaccharide side chain. 
4.2. D-Mannose 
The incorporation of D-mannose into the Golgi 
fractions was different to that found fo- galactose and 
for other sugars [6,7] since the specific ztivity rose 
first in the soluble fraction of Golgi and, after an ini- 
tial peak, was maintained at a high level even 120 min 
after injection of the label. In the perchloric acid insol- 
uble fraction, D-mannose was incorporated over a wide 
time interval. These findings resemble the pattern de- 
scribed for Dglucosamine in which the specific activi- 
ty remained high for a long time due to incorporation 
early as sialic acid and later as D-glucosamine. 
Previous autoradiographic studies have implicated 
the rough endoplasmic reticulum as the site of man- 
nose incorporation in the thyroid gland [4], which was 
in agreement with the location of D-mannose close to 
the peptide core of the glycoprotein. However, in this 
study, the early appearance of radioactive label in the 
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Golgi fractions suggested some assembly on the Golgi 
membranes. This evidence was supported by the early 
rise in specific activity of serum glycoprotein. In a re- 
cent report [8] we have shown that high levels of ra- 
dioactivity can be recovered from serum glycoprotein 
in sialic acid, fucose, galactose, glucosamine and man- 
nose after a single intravenous injection of [3H]D- 
mannose. This implied that mannose may be convert- 
ed into other sugars which are assembled in the Golgi 
apparatus at different sites in the glycoprotein mole- 
cule. The eariy appearance of radioactivity in the 
Golgi fractions probably represents incorpo:, ion of 
label at more terminal sites in the oligosaccharide 
chain as sialic acid, fucose and galactose, after con- 
version from [3H]marmose. The high specific activi- 
ty of the Golgi fractions and, in parallel, in serum 
glycoprotein seromucoid even 120 min after inject- 
ion, showed that incorporation of radioactive label 
continued at a different site to that of the earlier in- 
corporation. Since Dmannose has been reported to 
occupy a position close to the peptide core, the de- 
layed appearance of radioactive label in the seromu- 
coid fractions of Golgi and serum would reflect in- 
corporation as D-mannose and also by conversion 
of D-glucosamine. Therefore it seemed that the diffel- 
ent pattern for mannose probably reflected incorpora- 
tion curves for more than one sugar at more than one 
membrane site. 
Acknowledgement 
This work was supported by a grant from the Med- 
ical Research Council of Canada. 
References 
[ 1 ] A. Haddad, M.D. Smith, A. Herscovics, N.J. Nadler and 
C.P. Leblond, J. Cell Biol. 49 (1971) 856. 
121 M. Neutra and C.P. Leblond, J. Cell Biol. 30 (1966) 119. 
[3] M. Neutra andC.P. Leblond, J. Cell Biol. 30 (1966) 137. 
[4] P. Wbur, A. Herscovics and C.P. Leblond, J. Cell Biol.4 
43 (1969) 289. 
[5] J. Molnar, G.B. Robinson and R.J. Wiizler, J. Biol. 
Chem. 240 (1965) 1882. 
[6] J.M. Sturgess, M. Mitranic and M.A. Moscarello, Biochim. 
Biophys. Res. Commun. 46 (1972) 1270. 
(71 J.M. Sturgess, M. Mitranic, L. Kashuba nd M.A. 
Moscarello, inpreparation. 
Volume 26, number 1 FEBS LETTERS October 1972 
[S] M. Mitranic and M.A. Moscarello, Biochem. Biophys. 
Res. Commun. 47 (1972) 74. 
[9] D.J. Morre’ , R.L. Hamilton, H.H. Mollenhauer, R.W. 
Mahley, W.P. Cunningham, R.D. Cheetham and V.S. 
Lequire, J. Cell Biol. 44 (1970) 487. 
]lO] J.M. Sturgess, L. Kashuba and M.A. Moscarello, submit- 
ted for publication. 
[ 111 O.H. Lowry, N. J. Rosebrough,A.L. Farr and R.J. Randall, 
J. Biol. Chem. 193 (1951) 265 
[ 121 M.R. Dubois and D. Cuminge, Compt. Rend. 272 (1971) 
2950. 
[ 131 H. Schachter, I. Jabbal, R.L. Hudgin, L. Pinteric, E.J. 
McGuire and S. Roseman, J. Biol. Chem. 245 (1970) 
1090. 
91 
